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Antibody-directed catalysis (ADC) is a two-step method for the targeted delivery of chemotherapeutic 
agents in which enzyme-antibody conjugates, prelocalized to antigen-bearing cells, activate prodrugs 
designed to be substrates for the mzyme. An pn7vmp-F«U' rnniu^fo o V k;k;k«~ hc.th /? :«,n 

tamase activity and immunoreactivity toward carcinoembryonic antigen (CEA) was constructed; 
Treatment of CEA-expressing LS174T cells with this conjugate imparted ^-lactamase activity to the 
cells; ^-lactamase activity was not imparted by treatment with unconjugated ^-lactamase and not to 
CEA negative cells treated with conjugate. Cephalosporin -based prodrugs; and other substrates 
synthesized as model compounds, were found to have wide variations in their kinetic parameters toward 
the conjugate, with ka* values ranging from 16 to 3300 s" 1 and K M values ranging from 5 to 160 mM. : 
The prodrug derived from desacetylvinblastine-3-carboxy lie acid hydraziue (D A VLBH YD) was studied 
in vitro and found to be 5-fold less cytotoxic to LS174T cells than the parent DAVLBHYD. For 
antigen-positive cells preincubated with conjugate, however, the prodrug showed the same potency as 
the parent drug. Thus, the combination of conjugate and prodrug appears to provide antigen-de 
pendent toxicity to tumor cells.. * : . 



INTRODUCTION ^ 
. ^tib^ catalysis (ADC 1 ) is a form *?f non- . 

covalent drug delivery in which an enzyme-antibody, • 
conjugate is localized to a tumor target^ where it converts. 'H 
subsequently administered prodrug to activedrug. The ": 
ADC approach has been adopted as one way of overcoming 
potential difficulties witli the delivery of therapeutic levels 
of free drugs to tumor targets using covalent protein-based 'j 
delivery systems. , 'l 
Demonstration of accumulation and retention of radi- 'J 
olabeled haptens by prelocalized bifunctional antibodies , ; 
showed that the latter act as artificial receptors and proved ■ 
that targeting of small molecules in vivo does hot require : 
covalent linkage to the targeting molecule. Furthermore, ,\ 
these studies showed that two-step noncovalent delivery 
has advantages for. certain applications over covalent - 
delivery. For instance, bifunctional antibody-based non- *" 
covalent delivery of isotopically labeled haptens results in; 1 
decreased radiation exposure of normal tissues relative to ; ; 
covalent delivery (i). ADC represents an extension of *. 
this system in which the synthetic receptor not only binds, ■ 
the ligand but also activates and releases it ; A number of ' 
ci^yiii^ puuiu&- a>oLeuit» Lave been described tor the • 
antibody cargeted activation of prodrugs {2-9). 

/'Hybritech Inc. ...... t , . .v 

* Eli Lilly and Co. . t T : 

' Abbreviations: ADC, antibody-directed catalysis; CEA, car- 
cinpembryonic antigen; DAVLBHYD, desacetylvinblastine-3- 
car bpxylic acid hydrazide; /M, -lactamase; 0-1CEM, 0-lactamase- 
CEM231 Fab' 1:1 conjugate; aulfo-SMCC, sulfosuccinimido 4- 
(Mmaliaidomethyl)cyclohexane-l-carboxylate;,BBS, 50 mM 
sodium borate, 100 mM sodium chloride (pH 8.2>, containing 
0.01 % NP40 (Pierce); NP40, Ncnidet P40; NHS, A'-bydrcsysuc- 
cinimide; DTPA, diethylenetriaminepentaacetic acid; DTNB, 
5,5'-dithiobi8(2-nitrobenzoic acid); PMSF, phenylmethanesulfo- 
nyl fluoride; PAGE, polyacrylamide gel electrophoresis; SDS, 
sodium dodecyl sulfate; RIA, radioimmunoassay; PADAC 2- 
[(N^-dmiemylanilm-4-yl)azolpyridinium 3'-cephaloeporin; PBS, 
15 mM sodium phosphate, 100 mM NaCl (pH 7.4), containing 
0.01% NP40; EBSS-MEM, Eagle basic salt solution-minimal 
essential media. 



Of the multitude of enzymatic reactions which could 
potentially be used to activate prodrugs, th most directly 
ar^d generally applicable appeared to be the type in which 
a moleculeis cleaved info two pieces, especially that subset 
in which- the enzyme recognizes only a portion of the 
substrate : and is relatively insensitive; to the identity of 
the remainder. Reactions catalyzed by 0-galactosidase, 

. exopeptidases, and various phosphatases are among thos 
for which substrate* recognition depends predominantly 
on one portion.of the molecule and is independent of the 

* remainder. However, a disadvantage of these enzymes is 
that they each cleave only a small number of linkage types, 
e.g. acetal, peptide, phosphate ester, which limits the 
variety of drugs that can be used. Ideally, t,He enzyme of 
choice should be capable of cleaving substrates connected 
through a wide range of functional groups, providing the 
ability to deliver several^drugs with a single enzyme- 
antibody conjugate; - ': '* \- ' : i • 

. In addition, enzymatic activity that does not occur in 
eucaryotic organisms is advantageous for clinical use 
because it avoids interference from endogenous enzymes 
in nontarget tissues (activity which may be induced by 
tne prodrug), or from endogenous 'substrates, inhibitors, 
etc. Other factors * affecting; enzyme selection included 
requirements tor dutusable cofactors, molecular weight, 
and stability. ^Lactamase meets all of these criteria and, 
in addition^ is relatively easy to obtain and purify. The. 
/^-lactamase produced by the P99 strain of Enterobacter ; 
cloacae, is particularly attractive since it can be produced 
as a substantial fraction of the cell's total protein (70, 11), 
has good cephalosporins^ activity {12); and is relatively 
insensitive to substrate side-chain modification. The 
diuiao acid sequence for this enzyme has been determined, 
both by aimino acid analysis and by gene sequencing (13), 
and the enzyme has been crystallized {14) % though a high- 
resolution crystal structure has riot yet been published. 

0- Lactamase can cause the release of many different 
substituents from the 3' position of cephalosporins (15), 
depending on their leaving group propensity. This is 
because the release occurs in a reaction that is secondary 
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Figure 1. ft- Lactamase catalyzes the hydrolysis ot the ceph- 
alosporin 0-lectam ring. Expulsion occurs subsequent to ring 
opening depending on the leaving group propensity of the 3' 
substituent. 

to 0-iactam ring hydrolysis (16, 77)', the reaction actually 
catalyzed by the enzyme (Figurt l) v Consequently,, the 
linkage between cephera and drug is not directly acted 
upon by the enzyme and the 3' substituent generally does 
not impede catalysis. Advantage has been taken of the 3' 
8Ubstitue>it release upun ring opening U> design dual-acLinn 
antibiotics which act primarily as cephalosporins but 
release a secondary antibiotic when cleaved by a ^-lac- 
tamase in the target bacteria (18, 19). 

One of the goals of the ADC system was to make use of 
the carcinoembryonic antigen CEA, Potential barriers 
preventing the effective use of CEA for immunochernn- 
therapy, such as low or heterogeneous antigen expres-.ibr- 
and shediiing of the antigen into interstitial apace, couM 
' be circumvented by the amplifying properties of enzyme 
targeting and the ultimate release, of a readily diffusable 
drug. CEA has been- the target in many preclinical 
antibody-drug conjugate studies (20-$4), including a few 
in" which" bifunctional-antibody-mediated noncovalent. 
localization of. yinca alkaloids, to . tumprs provided an 
' enhanced therapeutic effect ( 25-27) ; ; - ; , ; 

The corijugation methodology is derived from piroce-, 
dures described by Yoshitake et al. (28). The.heterobi- 
Tunctional cross- linker sulfo-SMCC (Pierce) covalently 
connects lysine c-amino .groups on the )3- lactamase to 
naturally occurring sulfhydryls in the hinge region of the 
antibody Fab' fragmehtr This, provides a He&rogeneous 
conjugate that is regiospecific with respect, to- Fab', is 
comparable in immunoreactivity and enzymatic activity 
to the rjroteihs from which it is derived, and has a' known 
molecular weight as sm all or smaller than Fab'^ fragments. 
" This paper describes the conjugation procedure, prop 1 
erties of the conjugates: and kinetic parameters ohtninpH 
with selected substrates. A detailed description of pr o- ' 
drug^yntheses is in preparaTiohT Behavior dftfie system 
in nude mouse models is under investigation.. ; 

EXPERIMENTAL PROCEDURES ^ 

Synthesesof LY262319, LY262594, aivd LY26(S070 will 
be reported elsewhere. The synthesis] of LYl#1026 has 
been described (9). All were shown to be analytically pure, 
by HPLC, and structures were identified by NMR and 
MS before being tested as substrates. LY22342a (29) and 
DAVLBHYD (30) were generous gifts from G. Cullinan 
of Lilly Research Laboratories. Their preparation has been 
described. Keflin (cephalothin) was the gift of B. Jackson 
of Lilly Research Laboratories and is commercially avail- 
able (Sigma). 

Derivatizati n f0-Lactamas with Sulfo-SMCC. 
^-Lactamase was purified according to the method of Cart- 
wright (31) after isolation from cell paste by a combination 



of freeze -thaw and sonication. The purified enzyme was 
dialyzed into BBS and concentrated to 10 mg/mL. Its 
concentration was determined by A<m, assuming A\% - 
14 (32). To 2 mL of the protein solution was addedan 
aqueous solution containing 2 0 molar equiv . 'sulfo-SMCC 
(Pierce). 

The concentration of this reagent was determined by 
measuring the release of NHS in a basic aqueous solution 
(70 mM Na2C03). The molarity of the active ester was 
calculated by measuring the rise in OD 2 60 using A«26o - 8 
X 10 3 . 

The 0-lactamase-SMCC reaction mixture was allowed 
to incubate at room temperature for 1 h, unstirred. The 
reaction mixture was then applied to a 1.5 X ~23cmP6DG 
(Bio-Rad) column and eluted with 50 mM ammonium ci- 
trate, 100 mM sodium chloride, 1 mM DTPA (pH 6,3). 
The peak was collected manually in a single fraction. The 
concentration of protein in the peak fraction was measured 
by A 280 again and was. typically between 2.5 and 4.0 mg/ 
mL. The average number of maleimide residues per 
enzyme molecule was determined by cysteine titration and 
quantitation of unreacted cysteine with DTNB (Aldrich). 

A typical maleimide determination used 10 nmol of 8- 
lactamase, and 20 nmol of cysteine in a 500-mL reaction 
volume. Cysteine oxidation in the absence of maleimide 
was also determined as a control. The maleimide to 
lactamase ratio was typically 0.8-1.0 under the conditions 
described. 

Preparation of Fab'. CEM-231 (murine IgGl) FabY 
fragments. were prepared from intact antibody, which has 

'been shown to react with CEA (33), by digestion with 3% 
pepsin (pepsin: Ab) (Boehringer Mannheim) at pH 4.1 in 
0.lMNaOAc ( 0.lMNaGl,at37°Cfor4-6h. Thedigestion 
was terminated by neutralization, followed by ^dialysis in 
0.1 M sodium borate, 0.1 M NaCl (pH 8.2).; 

The Fab'2 fragments were reduced- to Fab' with 20 mM 
cysteine, in the presence of 1 mM DTPA; at37'°C for 10 
min. SDS PAGE Was used to confirm that these conditions 

' give complete hi nge^ region reduction with minimal heavy- , 
light chain reduction: Cysteine was removed, by P6DG 
(Bio-Rad) gel filtration in 50 mM ammonium citrate, 0.1 
M NaCi;.0.5 mM DTPA (pH 6.3). DTNB assay showeid , 
between' 2 and 3 reactive- sulfhydryls per fragment. " 

' Parent antibody, and ant ibody fragment concentrations 
were determined by "A280 assuming =■ 14. 

i . Conj ugation of 0- Lactamase to Fab'. To the dialer 

. imide-/?-lactamase solution was added Fab' at a concen- 
tration of either ;*1.0 or 1.5 molar equiv of Fab- per 
maleimide (seel results). After a : l*h incubation at room 
t 5 *™pe™tv.T^ *^? > rc!:ct , *cr. 'r:iz ctepped by idditioii 

^ lA-fir>!d'f>!cess of JV-ethvlsnslsiisids as c 1 M Ethc^nlic 
solution. The mixture was then applied to a 2 x 100 cm 
Sephadex 150 superfine gel filtration column and eluted 
with BBS. Critical fractions were er e 1 :™^ K y EiGE^nd- 
then pooled according to purity of the desired molecular 
weight component. The conjugate was then concentrated 
b> ultrafiltration to 2-4 mg/mL for storage and diluted to ^ 
the desired concentration for use. Purity of the conjugate 
was determined by SDS PAGE and by gel permeation 
HPLC ; lifting two 0.9. x 30 cm Zorbax 250 columns (Du 
Pont) in series, eluted with 100 mM sodium phosphate 
(pH 7.0), at a flow rate of 1 mL/min. 

Imm: nereactivity of the ^-Lactamase-Fsb' Con- 
jugate. Immunoreactivity of the conjugates, with reactant 
antibody and Fab' as control, was measured in a solid- 
phase assay as described by Phelps et al. (34). Conjugate 
binding was also checked in a competitive binding assay. 
Serial 2-fold dilutions of antibody from a starting con- 
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centration of 3.3 mM were prepared in DMEM + 10% 
fetal calf serum. To 10* LS174T cells were added 50 mL 
of the above dilution and 50 fih of 100 Mg/mL CEM 231- 

iii v. vcuS note mcuuatcu witu aiibtikjuy n/i i iittti 

and then washed three times and fixed in 1 % paraform- 
aldehyde. Fluorescence was determined by flow cytom- 
. etry and is reported as linear equivalent relative fluorescent 
intensity. 

Enzymatic Activity of the 0-Lactamase-Fab' Con- 
j ugate. ^-Lactamase activity was measured by monitoring 
the change in absorbance of the chromogenic substrate 
PADAC (Calbiochem) at 570 nm in a stirred cuvette at 37 
°C in PBS. Absorbance was measured every 5 s for 120 
s using a Hewlett-Packard 845 1A spectrophotometer, and • 
linear portions of the rate plots were used to obtain reaction 

♦ velocities. K M and fccat were determined from the slope 
and intercept of Lineweaver-Burk plots of the velocity 
data^ PADAC's € 57 o was taken to be 4.8 x lb 4 , (product 
label). ? , ' 

Because of PAD AG's low solubility and high extinction 
coefficient, the assay wai» nm under conditions in which : 
the rate is dependent on the substrate concentration. 
Consequently, the runs comparing activity between dif- 
ferent preparations were all performed with a starting A^ iV 

~0:5. /. / . • '. . . . ; . ; j ^ , . s 

';■[ Substrate kinetic Parameters. Kinetic parameters 
for conjugate acting on Keflin, LY262319, and LY262594 
were measured as for PADAC, except that the change in 
absorbance was monitored at around 260 nm. LY262319 
and LY262594 have a residual absorbance after hydrol- 
ysis/ so Ac's wfere obtained by completely hydrolyzing a 1 
known concentration of the substrate and calculating Ae , 

"from the cnanjge in absorbance: Acgss for LYS262319 = 
6.60 X 10 3 (cin M)" 1 ; A« 2 60 for LY262594 = 8.4 X 10 3 (cm , 
MTV* — — 

. * The spectral change on 0-lactamase-catdyzed hydrol- : 
ysis of. prodrug substrates LY 191026 and, tY266070 was 

;.^o small tpvbe useful for quantitative determination of ' 
the rates/ Consequently, HPLC methods were developed 
to monitor these reactions. . Vials containing 1.5-mL 
solutions of Varying concentrations of substrate at 37 °C , 

• in PBS (pH 7.4) were treated wit$ Q.I1 ;pM//3-lCEM. ; 
Samples were quenched after. 90 s by adding 0.5 mL of > 
reaction solution to 0.5 mL of 34% acetonitrile in 200 mM - 
potassium phosphate (pH 3.0). Control experiments were *y 

, performed to determine appropriate concent rat ioiis so that 
less than 10 % of the substrate wodd be consumed during 

' the 90-s reaction, to assure a linear reaction rate: Duplicate . 
samples of the;quenched reaction mixtures were injected ; 
. onto jbl.OMJx \15 cm- C-18 reverse-phase HPLC column / 
plu foil ianrVntiVnlly qH mL/?*^ v/ith the buffer containing . 
3d % /acetonitrile in 200 tt*M nr.t^^^ ; ; . . .1 *h ts>» oto ' j'hc • 
starting prodrug and/or product concentration was mon- 
itored By absorbance at 266 hm. ' ' : - ; 

Determination of Antigen-Mediated ^Lactamase 1 
Activity. Antigen-positive (LS174T) and -negative 
(MOLT4) tumors were harvested from nude mice. Single 
cell suspensions were prepared at 2 X 10 7 cells/mL: 
LSi74T 23% viable, MOLT4 75% viable: 2 To 1 mL of 
cells was added sufficient conjugate or ^-lactamase to bring 
the assay concentration to the desired level. Cells were 
incubated either 1 or 10 min and washed with PBS. The 
activity was measured by the difference in absorbance at 
570 nm before and after a 10-min incubation with PA- 
DAC. Results were recorded as the percent change in 
570-nm abs rbance over the incubation period. 

2 Cell viability was not considered crucial to the successful 
performance of the assay. 
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Figure 2. Purification by gel permeation chromatography of 
the Fab -maleimido-0- lactamase reaction mixture. Comparison 
of elution patterns for 1:1, (dashed line) and 1.5:1 (solid, line) 
Fab':mdeimido-/?-Iactamase reaction mixtures. Ten milliliters 
of 15 mg/mL protein was loaded on a 2 X 300 cm column of 
Sephadek G-150 superfine equilibrated with BBS and eluted 
with BBS at O.i-0.2 inL/min. Fractions were approximately 4.5 
mL. Peak A contains high molecular weight byproducts, B 
contains the 1:1 conjugate with which studies were performed, 
and C contains unreacted ^-lactamase and Fab 7 . 

In Vitro Conjugate-Mediated Prodrug Activation. 

Target cells resusperided in 75 % leucine-deficient EBSS- 
MEM + 10 dialyzed fetal bovine serum + gentamicin 
were seeded into 96-well plates (2 X iO 4 cells/well) and 
incubated overnight. All incubations were performed at 
37 °C,-5% CO*. The supernatants were removed, and 
appropriate wellsitreated with CEM or /3-iCEM at?25 ^g/ 
mL (280 hM) for /The wells were washed and 0.2 mL 
of the drujg or prodrug at lb; l; 6.1, 0*01, or 0.001 /ig/mL 
vinca content were^added .to the ciells. The plates were 
incubateS for the desired length of time (1-48 h). At the 
end of the' treatment period the cells were washed and 
. incubated in fresh media for the remainder of the 48-h 
period.- Supernatarita were then removed, 4 >Gi of triti- 
ated leucine in 0.2 mL of leucine-deficient media was added 
to each well, ^tihil th£ plates were incubated overnight. 
The ctiis were harvested, arid the uptake of tritiated leu- 
cine was determined by. liquid scintillation counting. All 
samples' were run in quadruplicate; 1 : ^v-^xt/; 

RESULTS-'/, *££~*s f ; :^ \ -\ ' /-/- ' ^. f'- 

The . G-150 - ;eluti6n pfoflle of conjugation reactions 
performed under two different sets of conditions (Figure ~ 

2) shows that products are formed in three molecular 
weight ranges. The com^hente consist of 1:1 ^-1 to;Fab' 
conjugate (peak B); along with unreacted Fab' and* 0-1 

The higher molecular Weight adductsare the result of either 
the reaction of more than one sulfhydryl in the Fab' hinge 
region with;a%ulf6-SlviCC-modified ^-1 or the reaction of 
Fab's with imore than one maleimide on - 'a ^ single 'fcl 
molecule. Increasing the ratio in the reaction mixture of 
Fab' to maleimido-0-lactamase from 1:1 to 1.5:1 caused an 
overall improvement in the yield of 1:1. conjugate. The 
purification also improved due to decreased peak overlap 
with a smaller amount of high molecular weight product. 

Analytical gel filtratioh of the purified product (peak 
B, Figure 2) on Zorbax G-250 columns (broken line, Figure 

3) showed that the conjugate has a molecular weight in 
the desired range. Molecular weights were also c nfirmed 
by polyacrylamide gel electrophoresis (not shown) c m- 
paring purified product to Fab', ^-lactamase, Fab'2, and 
whole antibody. Immunoreactivity of the conjugate was 
evaluated in a whole-cell assay (Figure 4) in which binding 
of fluorescent-labeled whole CEM231 to LS174T cells was 
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Figure 3. Analytical gel sizing HPLCprofile of purified conjugate 
(dashed line) monitored by absorbance at 280 nm. Elution 
positions of known proteins (solid line): whole antibody (17.20 
min) and 0-1 (20.13 min) mixed with 1:1 0-1-Fab' conjugate. 
Analyses were performed using two. 0.9 X 30 cm Zorbax 260 
columns in series eluted with 100 mM sodium phosphate (pH 
7.0)atlmt/min. Molecular weight identification was confirmed 
bySDSPAGE. 
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Figure 4. Competitive binding immunoreactivity comparison 
of parent, antibody and conjugate. The ability of conjugate 
(dashed line) and parent antibody (solid line) to competitively 
inhibit tWe binding of FITC-Iabeled parent antibody to antigen- 
positive LS174T cells was determined as described in the 
Experimental Procedures. , : " . " V 

Table K - Comparison of PAD AC Kinetic Parameters for 1 • 
Conjugate. and Enzyme -'- ' » ' • 



'enzyme*.. 



0- lactamase! 
0-1CEM 



53 ± 18° 
55 ±12 



.106*33 
.135 ±31 



• 0 Standard, deviations of the parameters are calculated from the 
standard deviations of the slope and intercept (data analyzed using 
the linear regression module.of the RS/1 computer program, BBN 
Software. Products Corp.) of a single Lineweaver^Burk plot!. Ve- 
locities were -measured at four different concentrations in either 
duplicate or triplicate at each, and at least 11 points; were used to . 
cajcu late each velocity. ' , ; ,. £ •**. 

.competitively inhibited by cnnhifriitp. and hy H irert binding 
of iodinated conjugate to an antigen- bearing solid phase. 
In the. whblercell assay, conjugate immunoreactivity was 
comparable to that of parent antibody. In the solid-phase 
. assay, the conjugate showed immunoreactivity of 79%, 
while a single binding arm bifunctional antibody was 96% 
immunorcactive. 

Enzymatic activity of the conjugate was determined by 
comparing Lineweaver-Burk plots for conjugate and native 
enzyme using PADAC as substrate (Table I). Both Km 
and ifecat are experimentally indistinguishable. The mar- 
ginal difference in k cal could be due to inexact values for 
thepr teinextincti n coefficients. Modificati n fj8- lac- 
tamase by sulfo-SMCC was f und to have h effect on 
^•lactamase activity. 

Catalytic parameters were measured for a set f available 
substrates in an attempt to predict the impact of drug 
structure on catalytic activity. Km, fecat, and their ratio 
were found to vary substantially (Table II) among the 



c mpounds tested. The finding that the cephem 0-sul- 
f oxides tested exhibited better hydrolytic stability than 
the native cephem's (see Conclusions) led us to test their 
activity as p-laciamase substrates. Tne results (Table IL 
LY262594 vs LY262319) show that the cephem sulfoxides 
can be better substrates, in terms of kcaiJKu rati , than 
their native cephem analogues. 

Large relative errors (on the order of 50 % ) are associated 
with the Aw and Km values for PADAC, LY191026, and 
LY266070. In the case of PADAC and LY266070, this is 
because insolubility prevented velocity determinations at 
concentrations above about 20% of the Km- Consequently, 
there are no points close to the intercept of the Lineweaver- 
Burk plot. Obtaining more points in the low substrate . 
concentration range does not improve the confidence limit 
This actually amounts to an inability to measure fccat and 
Km independently, since the slope of the plot, which 
represents the ratio, can be determined relatively precisely. 

In the case of LY 191026. the uncertainty is due to the 
fact that measurements of the very rapid velocity require 
very low substrate concentrations to remain in the linear 
range, and consequently, the ability to accurately integrate 
the HPLC peaks becomes limiting. 

The bifunctional nature of the conjugate, i.e. iU ability 
to simultaneously bind antigen and catalyze cephem ring 
opening, was tested by allowing it to bind with antigen- 
bearing cells, rinsing the cells to remove unbound con- 
Jugate, and then measuring the ability of cells resuspehded 
in buffer to hydrolyze PADAC. The results (Table III) 
: show that the conjugate has the ability to bind to cells in 
. vitro and thereby; impart ^-lactamase activity. The 
quantity of the enzymatic activity associated with the cells 
depended on the time and concentration of conjugate in ■ 
the iricubatio,^ 

cells with ^-lactamase showed that the activity could not . 
be attributed tp nonantigen-mediated adherence of 0-1 to 

-the cells. Treatment of antigen-negative cells with con- 
jugate confirmed that interaction of conjugate with cells 

: is mediated strictly through the antibody binding site. A ;• 
background level of "activity" (5-7% AOD) was observed - 
in the negative ^controls," attributable to dilution in the ? 
assay. The slightly higher activity observed at trie high, 
0-1 level may have resulted from insufficient washing. 

The in vit^o cytotoxicity of LY266070 or DAVLBHYD 
incubatecj for various times in the presence of CEMfpr 
0-LCEM is shoTO)n;Figure. 5.* The cytotoxicity of DAV- , 
LBHYD is not : affected significantly by incubation in the 
presence of CEM or 0-1CEM, whereas LY266070 toxicity 
is greatly enhanced (lower ID&o values) by incubation for 

: 1, 3, or 5 h in the presence of the conjugate. LY266070 

. toxicity cannot be distinguished from DAVLBHYD at the 
24-h time point? - In one experiment irrelevant (nqnanti-/ 
'gen binding) 0 lactamase conjugate control was evaluated 
for LY26S070 activation, at drug exposure times of 1 and" 
3 h. At the 3 : h point the ID^ values of LY26607Q and 
DAVLBHYD were 0.83 and 0.024 /ig/niL,; respectively, 
indicating no enhanced cytotoxicity attributable to the 
irrelevant conjugate and, therefore, that the activation 
demonstrated in Figure 5 is an antigen-mediated, event. 

conclusions : "'. ; V" 

A conjugation procedure . has been, developed that 
produces a conjugate with the essential properties required 
for an ADC system. The conjugate has a single binding 
arm and a molecular weight of about 90 000. : Pharma- 
cokinetic studies of antibody fragments in mouse models 
have shown that mono- and bifunctional Fab'2 exhibit rapid 
cerum clearance relative to tumor residence in comparison 
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Table II. Kinetic Parameters for Substrates 
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" Percent decrease in 570-nm absorbance' by PADAC under, 
conditions descri bed in the paper. A large number indicates catalytic 
- degradation of PADAC due to ^-lactamase on the ceU surface. 
6 LS174T cells: c A small decrease in absorbance'may result from 
: dilution in the assay, uncatalyzed hydrolysis of PADAC, or insufficient 
washing of the cells. d MOLT4 cells. - . : v . ' ^ 
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Figure 5. In vitro cytotoxicity was determined as described in 
the Experimental Procedures. The dose of drug required to 
inhibitthe incorporationoftritiated leucine to 50% of thecontrol 
value (ID«6) is given on the ordinate, while the time of drug 
exposure is indicated on the abscissa. The data shown in the 
figure is from a representative experiment. Similar data were 
obtained in four separate experiments which included drug 
exposure times of 1, 3, 5, 24, and 48 h. All samples were run in 
quadruplicate, and the mean ±SD values are indicated in the 
figure. 

to whole antibodies (35). Hence, a single binding arm 
conjugate f less than 100 000 molecular weight shows 
relatively high turn r to blood concentration ratios at times 
longer than about 48 h after injection. Furthermore, 
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studies with synthetic Afunctional Fab' 2 have provided 
evidence that two-step delivery systems can cause local- 
ization of small molecules administered independently to 
antigen-bearing target cells (i). v v 

^e'heterobifunctionai cross-iinker used for the con- ! 
jugation, sulfo-SMCC, reacts nonregiospectfically with «- 
amino groups of lysine residues on proteins. Since 0-1 
activity waisuot significantly impaired under the conditions 
described, it is probable that neither of the lysine residues 
in the" vicinity of the active site of this enzyme are ; 
particularly reactive with thisreagent. The lack of impact v 
of conjugation on immundreactivity' of ^ 
fragment results from the f fact that the; sulfnyclryls 
available for ^ reaction pccw ^ hinge region, 

away from the binding site. ""■*'■ '■ " • ■ 

. The finding; that all of the substrates developed for the 
ADC deUvery system are readily cleaved by the E, cloacae 
^-lactamase (Table II) is in accord with findings of studies 
on the mechanism of mulyzed and uncatalyzed breakdown i < : 
\ of cephaiOTporins (15-17, 3&*42) and with tHe known ! 
tolerance of ^is partic v 
cephalosporin nucleus. Despite large relative errors 
associated with these measurements, it is clear that there 

. is a verv widpfyflnntinn m h '. 1^- - „j 

that simple substrates, such as Keflin, are hot necessarily 
the most rapidly hydrolyzed; Although this observation 
is consistent with previous reports (43^46), ^ the i phenom- 
enon is only poorly understood. Of particular interest is 
the finding that cephein /? sulfoxides are ezceilent sub 
spates. Cursory ^date surest that they are al^ 
to hydrolysis than their native cephem analogues and 
therefore may be preferred candidates for use in an ADC , 
system; . 

The conjugate is conveniently assaved u&ine the chrb- 
mogenic substrate PADAC (47, 48)' Alternatively, ni- 
trocefin could be used (49), but nitrocefih undergoes a 
spectral change on binding to albumin (50) which interferes 
with its ability to act as a chromogenic substrate. PA- 
DAC was chosen so that its use could be applied to samples 
containing serum. 

That the conjugate combined enzymatic activity and 
antigen binding activity simultaneously was demonstrated 
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by treating antigen positive cells sequentially with con- 
jugate and PADAC. Cells expressing the antigen clearly 
exhibited /^-lactamase activity, indicating that conjugate 
was able to perform both the binding and the catalytic 
function. Negative results in the case of antigen-positive 
cells treated with native ^-lactamase showed that non- 
specific interacti n of enzyme with cell or antigen was not 
responsible for the interaction, and negative results in the 
case of antigen negative cells treated with conjugate 
illustrated the antibody binding site dependence of the 
phenomenon. 

A reproducible difference in potency between prodrug 
and drug was observed in leucine incorporation assays on 
antigen-positive cells in culture. Pretreatment of the cells ; 
with conjugate eliminated the differential, thus demon- 
strating activation of the prodrug, in an antigen-depend- 
ent manner. The diminished potency of the prodrug with 
respect to the drug, and the ability of cell-bound conjugate 
to activate the prodrug, demonstrated that both prodrug 
and conjugate had the requisite properties for antibody- 
directed catalysis. The combination of potency differential 
and activation was also the primary criterion for selecting 
candidate prodrugs for further study. 
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